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ABSTRACT

THE EFFECTIVENESS OF CHLORHEXIDINE IN THE PREVENTION OF
ROOT CANAL REINFECTION. S. Jung., K. Safavi, LSW Spangberg. The
University of Connecticut School of Dental Medicine, Farmington, CT, USA.
The negative influence of residual microorganisms on the prognosis of
endodontic treatment has been documented. The aim of the proposed in vitro

investigation is to evaluate the efficacy of chlorhexidine pretreatment in the

prevention of bacterial leakage through the obturated root canal system. Thirtyfive autoclaved, freshly extracted bovine root segments of 8mm lengths with the

apices sectioned off were utilized for this study.

All root segments were

instrumented to size #4 or #6 Gates Glidden drill. The teeth were divided into

three groups:

CHX (N=I0), NaOCI (N=10), and

HO (N=10)

groups all

immersed in 0.12% chlorhexidine digluconate, 1% sodium hypochlorite, 0.9%
sterile saline respectively for a period of five minutes. The negative control

(N=5) had no antibacterial medicament pretreatment. Sterile paper points were
used to dry the canals with subsequent obturation with AH26 sealer and warm
vertical condensation.

Microcentrifuge tubes (1.8ml) with their tips removed

were heated, adapted, and sealed with cyanoacrylate to the coronal region of the

root segment, forming the upper chamber of the apparatus. The assembly was
suspended in a test tube with the apical 2mm of the root segment forming the
lower chamber. One milliliter suspensions of Enterococcus faecalis were added

to 50ml of prereduced enriched trypticase soy broth. One milliliter of bacterial

suspension was added to the upper chamber of each experimental and control

group. The lower chambers were examined on a daily basis for evidence of
turbidity indicating bacterial growth and leakage.

Histology and scanning

electron microscopy were conducted on two samples of each group to

qualitatively assess the bacterial penetration. The results show that within a 35-

day period that chlorhexidine pretreated root segments that were obturated with

AH 26 sealer, prevented the subsequent bacterial penetration of Enterococcus
faecalis (formerly known as Streptococcus faecalis) for an average of 28.7 days
with 80% of the group remaining turbid free in the lower chamber of the

apparatus for 35 days (p<0.001). In contrast, the sodium hypochlorite pretreated
group showed turbidity in the lower chamber of the apparatus after an average
time of 7 days with 70% of the group showing bacterial penetration after an

average time of 18.4 hours.

This significant difference between the

chlorhexidine pretreated group and the sodium hypochlorite pretreated group

may suggest that Peridexe, when used as a final rinse prior to obturation for a
period of five minutes, may provide a prolonged antibacterial effect. An ANOVA

analysis showed a statistically significant differences between the chlorhexidine
and sodium hypochlorite groups, and between the chlorhexidine and the sterile
saline groups ( p< 0.001).

There was no statistically significant difference

between the sodium hypochlorite and the sterile saline groups (p<0.001).

INTRODUCTION
The negative influence of residual microorganisms on the prognosis of
endodontic treatment has been described (Sjogren et al., 1997).

While

appropriate root canal deposit antimicrobial dressings (Bystrom et al., 1985;
Sjogren et al., 1991) and proper temporary restorative materials may prevent

root canal reinfection between endodontic visits, there appears to be a period of
time between the root canal filling and final tooth restoration during which the
dentin/root fill interface might be susceptible

to the reinfection of bacteria

(Swanson et al., 1987; Gish et al., 1994; Anderson et al., 1989; Bobotis et al.,
1989). Although sodium hypochlorite has been commonly used as an intracanal
antimicrobial irrigant during endodontic treatment, it has only limited long-term

antimicrobial efficacy. In contrast, chlorhexidine has the ability to bind to the
tissues and elicit antibacterial properties (Rolla et a1.,1970).

Chlorhexidine’s

cationic properties allow it to bind to tooth hydroxyapatite, the pellicle of the tooth

surface, salivary p.roteins, bacteria, and extracellular polysaccharides of bacterial
origins (Hjeljord et al., 1973;

Turesky et al., 1977). There have been two

mechanisms of action proposed that elucidates chlorhexidine’s antibacterial

effects within the oral cavity. One theory states that chlorhexidine is adsorbed

on oral surfaces composed of hydroxyapatite and is released over time to
maintain a long-term bactericidal effect (Rolla et al., 1970; Gjermo et a1.,1975).

The other theory states that chlorhexidine maintains a short-term bactericidal

effect and then a long-term bacteriostatic effect (Jenkins et al., 1988).

Regardless of its mechanism of action, it has been shown that chlorhexidine will
bind to hydroxyapaptite by both direct (Perdok et a1.,1989

& 1990) and indirect

means (Rolla et a1.,1970; Nordbo, 1972; Emilson et al., 1973).

In addition,

chlorhexidine has been shown to be an effective antimicrobial agent at
concentrations as low as 0.0005% (Ohara et al.,

1993).

It has been

demonstrated that a 5 minute treatment of preinfected bovine dentin with 0.2%
chlorhexidine gluconate in 7% ethanol would disinfect 100-300 microns into
dentin (Orstavik

& Haapasalo, 1990). These findings suggest that chlorhexidine

may be a suitable medicament for endodontic therapy. In addition, it maybe
used to prevent reinfection of the root canal system by binding to and being

released from dentin after the root canal treatment. The effectiveness of
chlorhexidine as an endodontic disinfectant has not been fully explored.

The aim of this in vitro investigation was to evaluate the efficacy of 0.12%
chlorhexidine digluconate in the prevention of dentin infection in the period

between obturation and final restoration of the tooth. The hypotheses that will be

tested are as follows:

,.

Pretreatment of dentin with 0.12% chlorhexidine digluconate will effectively

prevent the subsequent penetration of Enterococcus faecalis after root canal
obturation.
].

Dentin pretreated with 0.12% chlorhexidine digluconate will demonstrate
sustained antibacterial properties over a 35-day period of continuous
bacterial challenge.

PREVIOUS WORK AND BACKGROUND
Chlorhexidine has been one of the most intensely researched
medicaments in dentistry. Chlorhexidine was conceived out of the need

develop an antiviral agent during the late 1940’s.

to

Laboratories in England

examined polysaccharides and other non-ionic compounds together with a few
anionic compounds. To explore the alternative activities of cationic polymers a

series of polybiguanides were synthesized.

Although these compounds

possessed the required physico-chemical characteristics, they had no antiviral
activity.

Some time later these biguanides were reassessed for their

antibacterial activities. Because of its inherent antibacterial effect, chlorhexidine

was eventually selected as the chosen biguanide and given the trade name of
Hibitane(R)

(Foulkes, 1973).

Medical specialties including gynecology, urology,

and ophthalmology have applied chlorhexidine’s antibacterial properties in

treatment procedures.

In 1975, Nielson et al. examined both deep and

superficial flora of skin by biopsy and velvet pad techniques before and after a

two-step cleaning and disinfection procedure. This procedure involved the use of

aqueous cetrimide/chlorhexidine (Savlon(R)), followed by chlorhexidine in alcohol

(Hibitane(R)). This technique virtually eradicated all aerobic and anaerobic
bacteria on both the superficial and deep levels of the skin (Nielson et al., 1975).

Peterson and associates conducted a study comparing the efficiency of 0.75%
povidone iodine scrub solution, a 4% chlorhexidine gluconate detergent solution,

and a 3% hexachlorophene emulsion against resident and transient flora of the
hand. Chlorhexidine resulted in the greatest initial reduction of resident flora, as
well as the greatest reduction after subsequent washings (Peterson et al., 1978).
Chlorhexidine’s antibacterial properties would eventually emerge in

dentistry as an oral antibacterial mouthrinse (Schiott et al., 1970). As the use of
chlorhexidine as a surface disinfectant became common in medicine, its use in

dentistry as a plaque control agent (Schiott et al., 1970) prompted further safety
and cytotoxicity studies. With its widespread use in medicine up until 1971, there

were no major adverse or toxic reactions. Reports by Bicknell et al. indicated
that the instillation of chlorhexidine directly into the middle ear prior to

myringoplasty caused subsequent sensorneural deafness (Bicknell et al., 1971).

Later studies confirmed ototoxicity with other antiseptics when administered via
this route (Morizono et al.,

1973). Kenrad et al. found major changes in the oral

mucosa after extreme overdosing of 0.2%-2% chlorhexidine mouthrinse
including the thickening of the mucosa which resembled leukoplakia. However,
this phenomenon ceased with the reduction of the chlorhexidine dose (Kenrad et

al., 1990) Cline and Layman evaluated the effects of chlorhexidine on the
attachment and growth of human fibroblasts and periodontal ligament cells. It

was concluded that treatment of root surfaces with up to 0.12% chlorhexidine
had no effect on attachment. However, attachment loss was evidenced with
concentrations ranging from 0.2%-2% solutions of chlorhexidine (Cline and

Layman, 1992). Although there have been cases documenting the sensitivity of
mucosa to chlorhexidine contact (Yusof and Khoo, 1988), no allergies to

chlorhexidine have been documented in the Western countries. As chlorhexidine

showed promise as an intraoral antibacterial medication, safety considerations

demanded the research into the fate of the swallowed medicament.

Toxicology studies were conducted in laboratory experiments during the

70’s; (Case, 1977; Foulkes, 1973; Spangberg et al., 1973; Winrow, 1973).
1973,

In

Winrow of I.C.I. Pharmaceuticals Division conducted experiments on

several animal species and in man after dosing by mouth. It was clearly evident

that there was extremely low urinary excretion by all species.

In rodent

experiments, tissue levels of chlorhexidine-derived radiolabelled material were
determined at the end of the study period utilizing

sample combustion.

The only organs to have

"C measurements following

"C levels significantly above

background were the liver and kidney which usually had less than 0.25% of the
administered dose. All other major organs (brain, heart, lungs, spleen, muscle,

and fat) were devoid of detectable radioactivity.

The limit of radiolabelled

chlorhexidine detection was 0.011g/g of respective tissue.

Blood samples

yielded negative radioactivity. Furthermore, it was concluded that over 90% of
the administered material is recovered within 72 hours in laboratory animals.

Although urinary excretion was very low, the metabolic pattern of the drug was
examined by thin layer chromatography to ascertain the presence or absence of

p-chloroaniline, which is a known chemical breakdown product of chlorhexidine
and is known to be rapidly excreted via the kidney after oral administration. No

p-chloroaniline was detected in the urine samples of all species, including

humans.

Ring and chain labeled chlorhexidine produced essentially the same

metabolic patterns, demonstrating that cleavage of the molecule was minimal.
Winrow in 1973 further discovered the presence of chlorhexidine in the feces of

the studied species. He postulated that it can be contributed to an extremely low
absorption of the compound or absorption followed by subsequent excretion in
the bile. To discern this issue, studies were conducted in which biliary cannulae

were implanted into the rats (Winrow, 1973). Labeled "C chlorhexidine was
administered either orally or intravenously. Following iv. administration of 4.2-

5.7 mg/kg radiolabelled dosages of chlorhexidine between 45% to 70% of the
radioactive dose was excreted in bile within 48 hours.
administered with iv.

When bile from rats

radiolabelled chlorhexidine was examined by thin layer

chromatography, only polar metabolites and small amounts of chlorhexidine

were found. This provided corroborative evidence for low absorption since fecal

extracts following oral dosing contained chlorhexidine only. Winrow in 1973
conducted wholebody autoradiography to trace the distribution of chlorhexidine

at various times following oral administration. It was found that shortly after
dosing, the alimentary canal is heavily labeled. At later times the liver, kidney,
and mucosal surfaces carried "C-label which diminished over time. More than

90% of the "C material present in the rat liver after oral administration could be
readily extracted indicating that it was not covalently bound to protein.

It was

concluded that: chlorhexidine is poorly absorbed, small amounts are initially
absorbed and metabolized by the liver and kidney, blood levels are extremely

low following oral administration and there is minimal metabolic cleavage with no

evidence p-chloroaniline formation (Winrow, 1973).

evaluated

various

endodontic

antimicrobial

Spangberg et al. in 1973

agents including a 0.05%

chlorhexidine solution for their cytotoxic and bactericidal effect by an objective

method. It was found that cationic detergents were shown to be highly toxic and
tissue irritating (Spangberg et al., 1973).

It was clear that chlorhexidine’s absorption from the gastrointestinal tract
was low, which was reflected in the extremely high

LD0’s

values. The oral

LD0’s

(1800 mg/kg) were so high that in the rat they could not be estimated accurately.
The

LDo

values were still very high when the compound was given

subcutaneously and intravenously (Case

1977). Chronic studies in rats were

carried out by Case, including clinical and histological observations. Other than

the appearance of some giant cells in the mesenteric lymph nodes, no tumors or

any other toxic signs were seen in any of the tissues. In addition, no adverse
clinical symptoms were detected in studies conducted on dogs who were dosed

orally for 7 weeks at doses ranging from 50 to 150 mg/kg of body weight (Case,

1977).
In teratology studies, 60 pregnant rats were dosed orally with aqueous
chlorhexidine digluconate solutions at dose levels of 10, 25, and 50 mg/kg of

body weight. Embryonic and fetal development were unchanged after the

treatment with chlorhexidine compared to the control group. Reproduction and
fertility studies at doses as high as 50 mg/kg of body weight in the rat have
similarly shown no effect to the administration of chlorhexidine (Case, 1977).
Studies of chlorhexidine absorption and metabolism have been conducted.
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These investigations

involved the preparation of chlorhexidine into two

radiolabelled forms containing

"C

either in the aromatic ring or in the

hexamethylene chain. These metabolic studies concluded that the fate of the two
different labeled forms were apparently identical indicating the molecule of
chlorhexidine was not degraded to any significant extent in the body. In all the

species studied the amount excreted in the urine was extremely low, less than

0.5% of a dose of 0.2

0.7 mg/kg of body weight. This fact confirms that the

fecal elimination of the compound, after oral administration, is almost exclusively
due to non-absorbed material. Blood samples taken from dogs in the first 8 hours

after oral dosage contained no detectable levels of radioactivity (<0.005

micrograms/ml of serum) (Case, 1977). Other long-term studies (2 year)in rats
have been repeated using doses up to 50 mg/kg of body weight with interim kills

at 3, 6, 9, 12 and 18 months. One of the five groups received the maximum dose
of chlorhexidine and 0.125 mg of p-chloroaniline (by-product of chlorhexidine).

Hematological and clinical chemical evaluation of the dosed animals showed no

changes due to the administration of chlorhexidine. Histological examination of
the animal specimens (rodent, dog, monkey) showed only one significant

abnormality. This was the finding of giant cells in the mesenteric lymph nodes.
This change was more of a reactive rather than a permanent phenomenon,
sustained only as long as the chlorhexidine was administered. There was no

evidence to suggest that chlorhexidine treatment lead to the development of

tumors or any other toxic signs (Case, 1977).

Further studies tested for the

carcinogenic potential of chlorhexidine by administering to hamster pouches 3%

or 2% chlorhexidine for 7 months. The results indicated that no premalignant

proliferative activity in the oral mucosa of the hamsters was evident (Winrow,

1973).
Rushton in a 1977 study conducted an investigation on the systemic
absorption of chlorhexidine. In the

"C labeled

chlorhexidine study, urine and

feces samples were collected for up to 10 days after dosing of the compound.
This chlorhexidine compound was administered in solution in a gelatin capsule to

two subjects, and in the form of a 0.2% chlorhexidine gluconate mouthrinse in
the third. In the second study, the subjects rinsed twice daily for one minute with
10 ml’s of a formulated 0.2% chlorhexidine gluconate mouthrinse. At the end of a
6 week period, venous blood samples were taken for chlorhexidine estimation.
These two studies indicate that systemic absorption of chlorhexidine, after dose

levels used in oral hygiene, was minimal and does not result in detectable
chlorhexidine blood levels with blood sampling levels at 0.005 lg/ml of serum

(study 1) and 0.01 Ig/ml of serum (study 2). In addition, radioactivity was not
detected in the blood samples and

urinar excretion was less than 0.3% of the

dose (Rushton, 1977). Rindom-Schiott et al. in 1976 found that parachloraniline

has not been detected in the urine of animals or humans (Rindom-Schiott et al.,

1976).
As chlorhexidine was further studied a broad data base was established.
This provided the justification from safety considerations for proceeding with the

investigation of oral formulations of chlorhexidine. With several thousand

12

subjects documented in clinical trials and many more in clinical practice, there is

ample evidence for the safety of this product. It has been demonstrated that
there is an absence of symptomatic systemic adverse effects in treatment
schedules involving up to 2 years of continuous daily use. Studies that monitor
various indices

usually investigating the blood, liver, and kidney functions

indicate no drug related abnormalities (Rindom-Schiott et al., 1976). Histological

and histochemical examination of human mucosal biopsies, taken after 18

months of daily exposure to chlorhexidine, indicated no evidence of any adverse

effect of chlorhexidine on the oral mucosa (Mackenzie et al., 1976; Nuki et al.,

1976). Although there have been some reports of taste sensation disturbances,
no persistent effects on taste sensation have been reported after the
discontinuation of chlorhexidine (Rushton,

1977).

Other reports have

documented unilateral or bilateral parotid gland swelling after the use of
chlorhexidine mouthrinses. This phenomenon appears to subside spontaneously
within a few days of discontinuation. The clinical features are suggestive of a

mechanical obstruction of the parotid duct, and it has been attributed to over-

rigorous mouthrinsing (Rushton, 1977). These pioneer studies along with other

numerous investigations have established the safety of chlorhexidine for long-

term use.
Chlorhexidine is a symmetrical cationic molecule consisting of two 4-

chlorophenyl rings and two biguanide groups connected by a central

hexamethylene chain. Because of its strong base nature, it is most stable as a
salt. The most common preparation is the digluconate salt form because of its

high water solubility. Its mechanism of action consists of chlorhexidine’s
adsorption onto the cell wall of the microorganism and the subsequent leakage

of the intracellular components. Chlorhexidine after binding to the cell causes a
disorientation of the lipoprotein membrane, by the virtue of the lipophilic groups

of the drug molecule, so that the membrane no longer fulfills its function as an
osmotic barrier. Davies in 1973 noticed that the absorption of small quantities of
chlorhexidine damages the outer layers of the cell walls of microorganisms. This

was revealed by micrographs of thin bacterial sections by the presence of
blisters also by the displacement of two divalent cations per molecule of

chlorhexidine. Chlorhexidine lyses spheroplasts and renders bacteria permeable

to a variety of substances.

Chlorhexidine reacts with cell free solutions of

bacterial cytoplasm and precipitates virtually all the pentose and phosphorous.

This precipitation will prevent the repair of the cytoplasmic membranes. Thus,

the bacteria will never recover their content of metabolic intermediates (co-

factors, etc.) and will be non-viable. Such a mechanism allows chlorhexidine to
be an active agent against a wide range of gram-positive and gram-negative

organisms, yeast, fungi, facultative anaerobes, and aerobes ( Hugo, 1964
Davies, 1973).

Many studies have addressed the optimum concentration of chlorhexidine
digluconate to be used to elicit a maximal antibacterial property without
significantly changing the microflora of the oral cavity. At low concentrations,
chlorhexidine exerts a bacteriostatic effect causing the outward leaching of

potassium and phosphorous from the organism. Hennessey in 1973 determined

]4

the minimum inhibitory concentration for a variety of gram-negative and gram-

positive bacterial strains using conventional agar-dilution technique and multiple
replicate inoculating device.

The MIC for chlorhexidine against various

microorganisms, including Streptococcus mutans and Pseudomonas aeruginosa,

ranged from 0.0009% to 0.07%.

Hennessey in 1973 commented that this MIC

of chlorhexidine depended on the number of microorganisms in the inoculum
being tested. At higher concentrations, chlorhexidine becomes bactericidal via

coagulation of the cytoplasm through protein cross-linking. It was noted that the

extent of killing with 10 minutes exposure of 0.02 % chlorhexidine for different
organisms resulted in a 99.99% kill rate (Hennessey, 1973).

Emilson et al. in

1973 investigated the effect of various concentrations of chlorhexidine on the

amount of chlorhexidine uptake by hydroxyapatite.

This group obtained

adsorption isotherms by mixing 5ml of chlorhexidine of various concentrations
with one gram of hydroxyapatite.

Quantification of chlorhexidine in the

supernatant after equilibration was made by measuring the optical density at
254 nm. It was concluded that the application of low concentrations, 0.005%-

0.01%, topically, could give a relatively stable monolayer of chlorhexidine, and
that higher concentrations might give only an oversaturation of chlorhexidine with

a rapid release of the excess (Emilson et al., 1973).
The role of bacteria in the development of apical periodontitis has been
well documented (Kakehashi et al., 1965; Sundqvist, 1976). The efficacy of
intracanal irrigants and dressings in the removal of bacteria from the root canal

system has been demonstrated (Haapasalo & Orstavik, 1987; Foley et al., 1983;

Safavi et al., 1990; Heling et al., 1992; Sjogren et al., 1991).

Sodium

hypochlorite, while having excellent tissue dissolving properties (Grossman et
al.,

1941, Moorer et al., 1982), has been shown to have limited long-term

antibacterial properties (Bystrom et al., 1985).

The possibility of using

chlorhexidine as an intracanal disinfectant has been examined and has shown

some promise (Orstavik & Haapasalo, 1990; Heling et al., 1992a; Heling et al.,

1992b).
Failure of root canal therapy has been attributed to retention of bacteria in

the root canal system (Sjogren et al., 1997).

Furthermore, bacteria from the

oral environment may enter via a coronal access when an inadequate coronal
seal is present (Swanson et al., 1987; Khayat et al., 1993). Swanson et al.

demonstrated that leakage could occur within three days of the root canal filling
being exposed to the oral fluids.

It has been demonstrated that bacterial

penetration occurred from 48 to 84 days subsequent to coronal leakage after
obturation and post space preparation (Barrieshi et al., 1997).

Khayat et al.

showed that by 10-41 days, bacteria could reach the apex of a coronally
unsealed

endodontically treated tooth that was exposed to bacterial

contamination. It has been demonstrated similarly that bacteria could penetrate

through obturating materials occupying the apical 4-5 mm of the canal after post

space preparation within a 90-day period (Gish et al., 1994). Numerous studies
indicate that temporary restorative materials all show degrees of leakage

(Anderson et al., 1989; Bobotis et al., 1989; Turner et al., 1990; Guerra et al.,

1994). The use of chlorhexidine as an intracanal medicament may allow the

binding of chlorhexidine to dentin and serve to inhibit the rapid reinfection of the
endodontically treated root canal system.

EXPERIMENTAL METHOD

,.

Preparation of Teeth"

Thirty-five freshly extracted bovine root segments of 8 mm lengths with
the crowns and apices sectioned off were used in this study. All root segments

were instrumented to a size #4 or #6 Gates Glidden drill according to the
diameter of the lumen. The root segments were subsequently autoclaved. The

teeth were then divided into three main groups" chlorhexidine (CHX with N-10),
sodium hypochlorite

(NaOCI with N-10), sterile saline (H0 with N=10 )(positive

control), and negative control(N=5).
Groups CHX, NaOCI, and H20 were immersed in 0.12% chlorhexidine
digluconate, 1% sodium hypochlorite, and 0.9% sterile saline respectively, for a 5
minute period. The teeth were removed from their respective solutions and
rinsed with copious amounts of sterile water. Sterile paper points were used to

dry the canals with subsequent obturation of the canals with warm vertical
condensation. AH 26 sealer was utilized for the obturation. The negative control

group (N-5), which had no medicament pretreatment, was obturated with AH26
sealer. At the conclusion of the experimental period, two samples from each

group were submitted for histological examination. In addition, two samples were
submitted for examination under the scanning electron microscope.

B. Experimental Model"

A model system (Figure 1) similar to that of Barrieshi et al., 1997, was
used in this study. Microcentrifuge tubes (1.8 ml) had their tips removed and

were heated, adapted, and sealed with cyanoacrylate glue to the coronal region
of the root segment forming the upper chamber. Three layers of sticky wax were

applied to the root surfaces (except the apical 2 mm) to prevent bacterial
penetration through the root surface. The assembly was suspended in a test
tube with apical 2 mm of the root segment immersed in 8 ml of trypticase soy

broth forming the lower chamber. The model systems were sterilized with

ethylene chloride gas sterilization (3.2 hours with 12 hours aeration period).
Bacterial suspensions in trypticase soy broth of

Enterococcus faecalis

(formerly Streptococcus faecalis) were prepared with an initial concentration of
2.5 X 10 6 cells/ml. One milliliter of each organism was added to 50 ml of

prereduced enriched trypticase soy broth (TSB). One ml of this bacterial
suspension was added to the upper chamber of each experimental and positive
control groups. The negative control received one milliliter of sterile TSB in the

upper chamber.
The lower chamber of the apparatus was assessed for turbidity (indication

of bacterial contamination). The bacterial suspension was changed every 2 days

to ensure the viability of the innoculum. At the end of the one-month period, four
teeth from each experimental group were removed and submitted for histological
and SEM examination.

]).

Data Analysis:
The data were collected and statistically analyzed (ANOVA) for temporal

differences (number of days) in the presence or absence of turbidity in the lower

chamber of the experimental apparatus. Upon the completion of the observation
period, two samples from each experimental group were split longitudinally and
submitted for scanning electron microscopy for a qualitative evaluation of the
microbial leakage pattern. In addition, histology was conducted on two samples

of each group to also identify qualitatively the presence of any bacteria in the
dentinal tubules. All groups were compared for statistically significant

differences utilizing ANOVA analysis with a p<0.001.

RESULTS

Figure 2 indicates the number of hours it took the Enterococcus faecalis

(formerly known as Streptococcus Faecalis) to penetrate the length of the root

segment which was pretreated with the respective solutions of chlorhexidine
sodium hypochlorite, sterile saline and obturated with AH26 sealer.

The sterile

saline group (positive controls) showed turbidity in the lower chamber after an

average time of 120 hours. The negative controls were all negative throughout
the entire experiment.
The obturated root segments pretreated with sodium hypochlorite showed

complete penetration of the system after an average time of 168.9 hours.

In

70% of the sodium hypochlorite pretreated teeth, turbidity was observed after
an average time of 18.4 hours.
The group which had chlorhexidine pretreatment of the root canal system
prior to obturation showed turbidity in the lower chamber in an average time of

689 hours with 80% of the samples showing complete penetration in an average
time of 856 hours.

An ANOVA analysis showed a statistically significant difference between
the chlorhexidine and

sodium

hypochlorite groups, and between the

chlorhexidine and the sterile saline groups ( p< 0.001).

statistically significant

There was no

difference between the sodium hypochlorite and the

sterile saline groups (p<0.001).

Histological samples (Brown & Brenn) of the root segments after the
experimental period revealed that there was no penetration of the bacteria into

the dentinal tubules. Even the positive control showed no penetration of bacteria
into the dentinal tubules (Figures 3

& 4).

The scanning electron microscopy samples exhibited the presence of
bacteria in various locales. The bacteria were predominately located between

the interface between the sealer and the gutta-percha. There was no evidence

of deep bacterial penetration into the dentinal tubules (Figures 5-9).
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DISCUSSION

Although appropriate root canal deposit antimicrobial dressings help in the
prevention of root canal reinfection between endodontic visits, there is that
window of time between the root canal obturation and the final restoration that

the dentin/root fill interface can become susceptible to reinfection of various
strains of bacteria. Numerous studies have shown that all temporary restorations

show some degree of leakage (Anderson et al., 1989; Bobotis et al., 1989;

Turner et al., 1990; Guerra et al., 1994). Studies have emphasized the negative
influence of residual microorganisms on the prognosis of the endodontic

treatment (Kakehasi et al., 1965; Sundqvist, 1976; Sjogren et al., 1997).
Traditionally, sodium hypochlorite has been used in endodontic treatment as an
intracanal antimicrobial irrigant.

However, it only has limited long-term

antibacterial activity (Bystrom et al., 1985).

In contrast, chlorhexidine

digluconate has been documented to elicit a long-term antibacterial property due

to its unique ability to bind to hydroxyapatite (Rolla et al., 1970; Hjeljord et al.,
1973; Turesky et al., 1977).

Chlorhexidine, thus, may show some promise as

an endodontic disinfectant.
Peridex(R)

was used in this particular study due to its wide availability in

the dental profession. Peridex(R) is an oral rinse containing 0.12% chlorhexidine

gluconate (1,

l’-hexamethylene bis [5-(p-chlorophenyl) biguanide] di-D-

digluconate) in a base containing water, 11.6% alcohol, glycerin, PEG-40
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sorbitan diisostearate, flavor, sodium saccharin, and FD &C Blue No. 1.

Chlorhexidine gluconate is a salt of chlorhexidine and gluconic acid.
Chlorhexidine is a symmetrical cationic molecule consisting of two 4-

chlorophenyl rings and two biguanide groups connected by a central
hexamethylene chain.

Its mechanism of action consists of chlorhexidine’s

adsorption onto the cell wall of the microorganism and the subsequent leakage

of the intracellular components.

Because of this mechanism, chlorhexidine is

active against a wide range of gram-positive and gram-negative organisms

(Davies, 1973). At low concentrations, chlorhexidine exerts a bacteriostatic
effect by causing the efflux of potassium and phosphorous from the

microorganism.

At higher concentrations, chlorhexidine elicits a bactericidal

effect via coagulation of the cytoplasm through protein cross-linking (Hennessey,

1973). It is chlorhexidine’s cationic properties that allow it to bind to tooth
hydroxyapatite,

tooth

surface

pellicle,

salivary proteins,

bacteria,

and

extracellular polysaccharides of bacterial origins (Hjeljord et al., 1973; Turesky

et. al., 1977).

Rolla et al. in 1970 conducted studies to test the affinity of

chlorhexidine for hydroxyapatite by taking human teeth ground to remove

surface proteins and submerging them in 3 ml of a 2.0 % solution of
chlorhexidine gluconate for a 5-minute period at room temperature. The teeth

were rinsed for one minute in 10 ml of distilled water at room temperature and air
dried. The amount of adsorbed chlorhexidine was determined by measuring the

loss of chlorhexidine in the 2.0% solution.

Subsequently, each tooth was

transferred to 10ml of distilled water and the possible release of chlorhexidine
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from the tooth surfaces measured. It was found that one gram of hydroxyapatite
could bind about 18 mmol of chlorhexidine when 0.13 mmol chlorhexidine

digluconate was present per gram of hydroxyapatite.

It was found that the

adsorption a 22C and at 37C were identical, but about 20% lower at 4C.
Interestingly, the amount of chlorhexidine adsorbed after 5 minutes and after 30
minutes of contact with hydroxyapatite showed no variance, whereas one minute

gave a 25% reduction in adsorption. In addition, when these treated teeth were
transferred to water a slow release of chlorhexidine was observed.

An

equilibrium was reached after a few hours as the concentrations of chlorhexidine
remained fairly constant from 2 to 24 hours. Other studies advocate the indirect

binding of chlorhexidine to the tooth surfaces. Hjeljord et al. in 1973 advocated
that chlorhexidine may bind to tooth structure via a glycoprotein layer which is

constantly present in the oral environment, and therefore suggest that
chlorhexidine reactions with proteins are of greater significance in the retention

of chlorhexidine than those with the tooth components (Hjeljord et al., 1973).
Hjeljord et al. in 1973 showed that chlorhexidine was bound to serum, saliva,
and gastric juices 87%, 27% and 3% respectively.

It was deduced that

chlorhexidine-protein interactions were pH and concentration dependent with

higher precipitation rates at basic pH ranges and no binding of chlorhexidine to
proteins in lower pH ranges.

It was found that chlorhexidine and protein

precipitation in serum and saliva occurred maximally at concentrations of 0.4%
and 0.2% respectively (Hjeljord et al., 1973).
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Enterococcus faecalis was selected as the chosen microorganism for
several key reasons.

This gram positive, facultative anaerobe was found to be

the most frequently isolated bacterial species among 54 root-filled teeth that had

persisting periapical lesions (failures)which were selected for root canal

retreatment (Sundqvist et al., 1998).

Enterococci are not favored by the

conditions in the untreated necrotic canal. When they exist among the normal

oral flora, they are in small proportions. The fact that E. faecalis is not part of
the normal oral flora and not present to any great degree in the untreated
necrotic case may indicate that E. faecalis can enter the canal, survive the
antibacterial treatment (calcium hydroxide) and then persist after obturation

(Sundqvist et al., 1998).

It has been suggested by Siren et al. in 1997 that E.

faecalis was also found in higher proportions in those teeth whose canals had

inadequate intervisit seals

(Siren et al., 1997). Enterococcus faecalis seems

to be highly resistant to the medicaments used during endodontic treatment and
is one of the select microorganisms that has been shown in vitro to resist the
antibacterial effect of calcium hydroxide (Orstavik

& Happasalo, 1990).

E.

faecalis may require higher pH ranges than those that exist with particular

preparations of calcium hydroxide
addition, it appears that E. faecalis

( Happasalo & Orstavik, 1987).

In

can thrive in conditions created by the

removal of other microbes and also have the capacity to grow in low-nutrient
environment of the treated root canal (Sundqvist et al.,

1998).

The results indicate the lack of bacterial penetration of the pretreated
chlorhexidine root segments after an average time of 28.7 days.

Furthermore,
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80% of the chlorhexidine pretreated group remained turbid free in the lower
chamber of the apparatus for the entire experimental period of 35 days.

In

contrast, the sodium hypochlorite pretreated group showed turbidity in the lower
chamber of the apparatus in an average time of 7 days with 70% of the group

showing bacterial penetration in an average of 18.4 hours.

This significant

difference between the chlorhexidine pretreated group and the sodium

hypochlorite pretreated group may suggest that Peridex(R), when used as a final
rinse prior to obturation for a period of five minutes, may provide a prolonged

antibacterial effect.

The histological and SEM studies indicate some interesting findings. The

histological sections, stained with Brown & Brenn stain, showed no bacteria
within the dentinal tubules. Figure 10 shows a thin layer of the epoxy resin

sealer (AH26). The sealer seems to have prevented any penetration of bacteria
into the dentinal tubules.

The turbidity findings, however, indicated that the

Enterococcus faecalis penetrated through the entire obturated root segment.
The SEM samples corroborated with the histological studies. It was evident that
the leakage of bacteria from the upper chamber through the root and into the

lower chamber was via the sealer/gutta-percha interface. In every SEM sample,
bacteria could be found on the surface of gutta-percha or the sealant with no
evidence of bacterial penetration into the dentinal tubules.

Moreover, the

presence of the gram positive, facultative anaerobe (Enterococcus faecalis) was
primarily found in the coronal and apical thirds of the root segment.
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It is postulated that the negative turbidity among the majority of the
chorhexidine pretreated samples maybe attributed to the presence of
medicament in the interface between the sealer and the gutta-percha where a

majority of the bacteria was isolated in the SEM’s. The mechanism by which the
chlorhexidine molecules were able to enter the sealant/gutta-percha interface is

postulated to have occurred primarily through break in the sealer and dentin
interface. It is highly improbable that there would be a complete microscopic

seal between the AH26 sealer and the entire surface area of the luminal root
dentin. This is attributed to the fact that the morphology of the root canal is not

a perfect geometric cylinder resulting in areas where the gutta-percha is can be
directly in contact with the root canal wall or various thickness of sealer. Thus,
where such breaks in the dentin/sealer interface exist, molecules of
chlorhexidine can traverse the break and enter into the interface between the

sealer and the gutta-percha to elicit its antibacterial activity.

There was qualitatively more bacteria in both the positive control and
sodium hypochlorite pretreated samples in both the coronal and apical thirds

than in the chlorhexidine pretreated samples. In fact, in those samples which

yielded negative turbidity in the lower chamber during the experimental period,
there was no detectable Enterococcus faecalis on the gutta-percha, sealer, or
dentin.

It must be noted that the external surface of the root segment exposed

to the culture medium in the lower chamber may have adsorbed chlorhexidine.

Because the root segments were pretreated with the respective medicaments via
immersion, there may have been some reservoir of medicament in the apical 2
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mm of the root segment.

However,

a pilot study was conducted in our

laboratories to address the possible residual effect of the chlorhexidine from the

chlorhexidine-immersed root segments.

Five 2 mm length root segments,

simulating the apical 2 mm of the experimental model which was in contact with
the lower chamber,

were prepared and autoclaved.

Four samples were

immersed in 0.12 chlorhexidine digluconate (Peridex(R)) for a period of 5 minutes,
rinsed with sterile saline, and dried. Three samples were placed into sterile test

tubes containing

5ml of sterile trypticase soy broth (TSB) which were then

inoculated with 2.5 x 106 cells/ml of Enterococcus faecalis an placed into an
incubator.

The negative control had no inoculation of bacteria in the TSB.

A

positive control had no pretreatment of chlorhexidine and was subjected to the
otherwise similar procedure. The three experimental samples all yielded positive

turbidity within 24 hours of incubation. The positive control yielded turbidity
within 24 hours and the negative control was negative for the

period.

observation

The results of this pilot study indicate that the amount of residual

chlorhexidine released by the apical 2 mm root segments utilized Ior this

investigation was negligible with regards to its antibacterial activity in the lower
chamber.
This study utilized the warm gutta-percha technique using the Obtura II

system primarily because of the large diameter lumens of the root segments
which had there apices removed. The fact that there was a dimensional change

in the gutta-percha during the cooling phase may have attributed to the finding of

bacterial leakage at the gutta-percha and sealer interface. Whether there would
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have been less leakage at this interface with the use of gutta-percha cones and

sealer is questionable.

According the scanning electron microscopy the epoxy

resin sealer of AH26 seems to have had excellent retention on the dentinal

surface of the root canal.

Investigations addressing the possible treatment of

the gutta-percha surface to chemically bond to the epoxy resin maybe useful.

Although the results of this in vitro study provide encouragement for the
use of chlorhexidine as a final root canal disinfectant, further in vivo studies must
be completed. Those studies should include the isolation of the chlorhexidine

molecule via radiolabeling. Cytotoxicity studies involving the manifestations to
the periapical tissues should also be conducted. From our results, however, it

appears that chlorhexidine digluconate pretreatment of the dentin prior to
obturation effectively prevented root canal reinfection during the 35-day

experimental period.
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FIGURES

Figure 1
The experimental model utilizing an
upper (UC) and lower chamber (LC).
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Figure 2

Average times for the occurrence of
turbidity in the lower chamber.
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Figure 3

Histological section of the dentinal
tubules and AH26 sealer of the positive
control, Brown & Brenn stain.

Figure 4
Dentinal tubules and AH 26 sealer of
the positive control at Mag x 1000,
Brown & Brenn stain.
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Figure 5

4]

Figure 5
Scanning electron microscopy
(Mag x 3000) of the two components
of a longitudinally split root segment.
Segment A depicts the root segment
gutta-percha (GP), sealer (S) and root
structure (R). Segment B depicts the
opposite side with representations of
root structure (R) and sealer (S).
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Figure

6

Scanning electron microscopy of the
positive control in the apical portion of
the root segment. Note the presence
of bacteria on the surface of the sealant.
Figure B denotes a higher magnification
of Figure A.
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Figure 7
Scanning electron microscopy of the
negative control indicating no bacteria
on the gutta-percha surface. Figure B
denotes a higher magnification
of Figure A.
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Fiaure 8

Scanning electron microscopy of the
chlorhexidine treated root segment
indicating no bacteria on the surlace
of the gutta-percha. Figure B denotes
a higher magnification of Figure A.
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Fiaure 9

Scanning electron microscopy of the
sodium hypochlorite treated sample
indicating the presence of Enterococci
fecalis on the surface of the
gutta-percha. Figure B denotes
a higher magnification of Figure A.

Figure 10
Scanning electron microscopy of the
dentin/sealer interface. Note the
homogeneity of the epoxy resin sealer
(S) and the lack of bacteria in the
dentinal tubules of the dentin (D).
Figure B denotes a higher
magnification of Figure A.

